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Introduction

ADHD is the most common neurological disorder con-

nected to significant deficits that expand among a variety of 

neurocognitive functioning and sleep pathologies (Ahmadi 

et al., 2014; Pievsky & McGrath, 2018). Affecting approxi-

mately 9.4% of children and 2.5% of adults from childhood 

into adulthood, 25% to 50% of children diagnosed with 

ADHD have a breathing disorder and sleep related issue 

(Centers for Disease Control and Prevention, n.d.a; Kessler 

et al., 2006; Youssef et al., 2011). Early publications to 

examine the links between sleep and ADHD occurred in 

1957 with the treatment guidelines as far back as the 1970s, 

specifically the rigorous review of stimulant drugs (Laufer 

& Denhoff, 1957; Wolraich et al., 2019). Over time, the 

reviews discovered a correlation between the pathophysiol-

ogy of interrupted sleep and inattention from irregular 

arousals and cyclical changes in the brains of children, three 

times more likely in males than in females (Barkley, 1990; 

Grünwald & Schlarb, 2017; Owens, 2005).

The Diagnostic and Statistical Manual of Mental 

Disorders (DSM), 5th ed., defines ADHD in two symptom 

domains of 18 symptoms as “a persistent pattern of inatten-

tion and/or hyperactivity-impulsivity that interferes with 

functioning or developmental level and that negatively 

impacts directly on social and economic/occupational activ-

ities” (American Psychiatric Association, 2013). There is 
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Purpose: To evaluate the improvement of ADHD related symptoms in school-aged children ages 5 to 12 in treatment with 
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to 6 months (M = 4.06, SD ± 1.55), a statistically significant improvement in ADHD symptoms occurred at the 7+ month 

endpoint (M = 15.29, SD ± 4.50) during MOA treatment. Conclusions: Treatment with an MOA may be highly effective in 
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no test to diagnose ADHD but requires the presence of at 

least 6 of the 18 symptoms by the age of 12 in two settings 

with unmistakable evidence of disrupted activities of daily 

living for proper diagnosis (American Psychiatric 

Association, 2013; Cabral et al., 2020). However, sleep 

deprivation patterns and disturbances associated with inat-

tentiveness are not considered criteria for an ADHD diag-

nosis under the DSM guidelines (American Psychiatric 

Association, 2013; Faraone et al., 2021; Grohol, 2013).

FDA-approved, age-appropriate pharmacotherapy fre-

quently used in the evidenced-based treatment of ADHD is 

dependent on the clinical presentation and physician prefer-

ence (Drechsler et al., 2020). Certain pharmacotherapy 

options may take up to 16 weeks for a response in the reduc-

tion of symptoms with the risk of recurring ADHD after an 

initial period of remission (Connolly et al., 2015). 

Categorically, medications used for ADHD may cause sleep 

problems and daytime sleepiness potentially enhancing 

remission of ADHD symptoms occurring in 60% of chil-

dren after the initial remission (Sibley et al., 2022; Stein 

et al., 2012; Turgay, 2007). While concomitant modalities 

such as Cognitive Behavioral Therapy (CBT) and educa-

tional services from a 504 or Individual Education Plan 

(IEP) may provide relief or assistance, they do not cure 

ADHD (Center for Disease Control and Prevention, n.d.b; 

Pan et al., 2019). A 504 and IEP are formal plans schools 

develop to remove learning barriers for children with learn-

ing disabilities or deficiencies so they can access the cur-

riculum. Unfortunately, children’s behavioral patterns are 

often misdiagnosed as hyperactive and inattentive then sub-

sequently medicated when they are simply sleep deprived 

or exhibiting a form a normal developmental pattern (Center 

for Disease Control and Prevention, n.d.b; Slobodin & 

Davidovitch, 2022).

Sleep related breathing disorders causing sleep disrup-

tion may be a cause of behavioral issues in ADHD. If left 

untreated, they can evolve into obstructive sleep apnea 

(OSA) which is one of the top three sleep related diagnosis 

affecting up to 33% of patients diagnosed with or without 

symptoms of ADHD (Owens, 2005; Tsukada et al., 2018; 

Urbano et al., 2021; Youssef et al., 2011). The prevalence of 

breathing disorders at sleep impacts 15% of children due to 

variations in the upper airway, while 90% will go undiag-

nosed as adults (Gokdemir et al., 2021). The relationship 

between SDB and ADHD has been proposed yet remains 

controversial in a scenario of which came first (Gokdemir 

et al., 2021; Slobodin & Davidovitch, 2022; Tsukada et al., 

2018; Urbano et al., 2021; Wu et al., 2017). While adults 

may feel fatigued from sleep deprivation, it’s not uncom-

mon for sleep-deprived children to become hyperactive; 

another reason is that a child may be misdiagnosed with 

ADHD instead of sleep apnea (Javaheri & Javaheri, 2020; 

Knight & Dimitriou, 2019; Tan et al., 2013). Grünwald and 

Schlarb (2017) verified the relationship between subtypes, 

symptoms of ADHD, and sleep in connection with quality 

of life in children. Presentation of sleep disturbances intrin-

sically associated with undiagnosed ADHD symptoms sug-

gest the need for an evaluation of sleep quality and patterns 

during treatment discussions and considerations (Ben-Dor 

Cohen et al., 2021; Gokdemir et al., 2021; Tsukada et al., 

2018; Urbano et al., 2021; Wu et al., 2017).

In an extensive literature review, the findings suggest 

ADHD symptoms related to breathing disorders at sleep 

find short term efficacy and improvement with adenotonsil-

lectomy (Amiri et al., 2015). The success in the ameliora-

tion of ADHD symptoms using other treatment options 

such as an MOA in the pediatric population experiencing 

breathing disorders in children ages 5 to 12 has not been 

adequately evaluated (Amiri et al., 2015; Escobar et al., 

2021). Escobar et al. (2021) hypothesized ADHD symp-

toms can be reduced by treating OSA and breathing disor-

ders with Rapid Maxillary Expansion (RME) or a 

Mandibular Advancement Device (MAD). In a previous 

study, the effectiveness of early intervention with a MOA in 

reducing symptoms of breathing disorders at sleep in chil-

dren with dentofacial anomalies ages 5 to 12 was completed 

and published (Davidson et al., 2023). This retrospective 

review is the first to examine the reduction or resolve of 

ADHD symptoms using an MOA in school-aged children 

with a known SDB diagnosis found in the effectiveness 

study (Davidson et al., 2023). It is hypothesized that oral 

appliance therapy can resolve breathing problems and 

reduce undiagnosed ADHD symptoms.

Methods

WCG IRB’s IRB Affairs Department reviewed the study 

under the Common Rule and applicable guidance and deter-

mined the study is exempt with a waiver of consent under 

45 CFR § 46.104(d)(4). Consent for treatment was obtained 

and on file with the providers at each center. This was a 

retrospective review of symptom rating scores from an 

adjunct sleep disorder breathing study which were retrieved 

from a post hoc data mining of a large database. Children 

were referred to a dental provider for evaluation of SBD; 

and receiving an MOA as a treatment option between 2019 

and 2021. As part of the assessment, a set of 28 questions on 

the Sleep, Breathing, & Habit Questionnaire were answered 

with a rating score of frequency by the parent or guardian at 

each visit. The multi-center, sample of 40 questionnaire 

scores from children ages 5 to 12 examined five commonly 

reported symptoms of ADHD. Inclusion criteria identified 

boys and girls between the ages of 5 and 12 in treatment 

with an MOA for SDB exhibiting symptoms of ADHD 

without a confirmed diagnosis. Exclusion criteria were chil-

dren below the age of 5 or older than 12, involvement in an 

Investigational Review Board (IRB) clinical trial, patients 

with known genetic conditions affecting the airway such as 



Paracha et al. 3

Down syndrome, children with a confirmed ADHD diagno-

sis, and subjects not in MOA oral appliance treatment. 

Sleep, Breathing & Habit Questionnaire questions used to 

collect the symptoms is provided in the Appendix in the 

Supplement. The study followed the Strengthening the 

Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines for reporting observational studies.

A sample of five commonly reported ADHD symptoms 

were subjectively measured using an approved Sleep, 

Breathing & Habit Tool completed by a parent or guardian 

during dental visits; the initial visit, the first follow-up visit 

between 2 and 6 months, and the follow-up visit after 7+ 

months, for a total of three endpoints. For each record, the 

following information was collected and recorded as a nom-

inal value in the data set: gender (coded as 1 for female and 

2 for male), age, length of MOA treatment, and individual 

scores of 0 to 3 for short attention span, trouble focusing, 

difficulty listening, struggles in math, and struggles in read-

ing. We categorized the scores for ADHD symptoms as 0 for 

no occurrence, 1 for rarely occurred, 2 for occurred two to 

three times per week, and 3 for occurred five to seven times 

per week. For the purpose of the review, ADHD symptoms 

were considered resolved at a frequency score of 0 or 1. Data 

was coded on a rating scale according to the frequency score 

of symptoms to create the baseline and endpoint metrics 

when evaluating group comparison tests. The groups were 

composed as follows: Sample group 1 (SG1) compared the 

initial sample scores of children who had follow-up visits 

between 2 and 6 months and completed the 2 to 6 month 

questionnaire. Sample group 2 (SG2) compared the initial 

sample scores of children who had follow-up visits after 7+ 

month and completed the 7+ questionnaire.

The MOA (Vivos Therapeutics, Denver, CO) identified 

in this study is an FDA-registered, Class I orthodontic 

appliance and tooth positioner with a fused upper and 

lower tray forming a single unit for patients 4 years of age 

and older usually worn at night. The concept of the MOA is 

to promote a lip seal, reposition and retrain the tongue to sit 

more up and forward in the mouth, enhance nasal breath-

ing, and improve sleep. Contraindication of MOAs in chil-

dren include non-nasal breathing patients, patients with 

restricted oral tissues, and those with a severe gag reflex 

issue. Graphics of the MOA used in treatment are shown in 

Figure 1.

Statistical Analysis

IBM SPSS Statistics software (IBM Corp. Released 2020. 

IBM SPSS Statistics for Windows, Version 28.0. Armonk, 

NY; IDM Corp.) and R studio were used to perform the 

statistical analysis and features and summaries of the data-

set. The statistical analysis used a paired t-test to compare 

the frequency of behaviors related to ADHD reported 

between three endpoints: baseline, 2 and 6 months (SG1) 

and 7+ months (SG2) to determine if there was a statisti-

cally significant improvement of reported symptoms with 

an MOA. The calculated t-statistic was then compared to 

the critical t-value at a significance level of p < .05.

To determine the improvement of ADHD symptoms in 

children with SDB, the following null hypothesis was 

tested. Test 1: count of symptoms with score of 2 or 3 at 

initial endpoint = or ≠ count of symptoms with score of 2 

or 3 at final endpoint. Test 2: mean of average score for 

initial results = or ≠ mean of average score for final results

Prior to using pairwise statistical t-test for mean com-

parison, the following assumptions were considered and 

met:

1. Mean of both samples (initial and final results) fol-

low a normal distribution. This was tested using the 

Shapiro-Wilk normality test. However, in cases 

where the sample size is large enough, samples fol-

low a normal distribution through the central limit 

theorem.

Figure 1. Examples of MOAs used in the study: vStarter for Kids is used in patients who typically have not had their first molars 
erupt yet. vStarter used in patients who typically have their first molars either partially erupting or fully erupted. Vivos Grow (VG) 
is used primarily in mixed dentition patients and come in 10 different sizes. Vivos Guide (VW) specifically designed for permanent 
dentition to control second permanent molars. (Used with permission from Vivos Therapeutics, Inc.).
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2. Data are independently and identically distributed. 

In the case of pairwise data, data points must match 

up and be equally paired.

In the cases where data was non-parametric, the Wilcoxon 

signed rank test was used vs the standard t-tests.

Results

Demographics and Main Clinical Features

In total, 40 Sleep, Breathing, & Habit Questionnaires of 

school-aged children from three dental offices were 

reviewed. The mean age of children who had completed 

questionnaires at three endpoints was 7.5 years, (±1.79). In 

the group, there were 22 females (55%) and 18 males (45%) 

(Table 1). Table 2 shows the baseline frequencies of ADHD 

behaviors and symptoms reported from the study sample at 

the beginning of analysis.

Evaluation of SG1

SG1 data was found to be normally distributed through the 

central limit theorem. As such, the findings of statistical test 

for mean comparison conducted to evaluate ADHD behav-

iors and symptoms occurring often (2–7 times per week) 

using a count as well as the samples average score of all 

ADHD behaviors and symptoms did not indicate signifi-

cance in the reduction. The overall frequency count of 

ADHD behaviors and symptoms identified as occurring 2 

to 7 times a week (scores 2 and 3) from the initial visit 

(M = 1.5, SD ± 1.57) to the second endpoint (M = 1.45, 

SD ± 1.57) showed an average reduction in their count of 

0.03 (95% CI [−0.39, 0.46]; p = .88). Likewise, results with 

SG1 did not show significance in the reduction of the over-

all average behavior frequency score from the initial visit 

(M = 1.00, SD ± 0.79) to the second endpoint (M = 0.88, 

SD ± 0.80), with an average reduction in their overall aver-

age frequency score of 0.13 (95% CI [−0.08219, 0.3332]; 

p = .227). Patients in SG1 had an average treatment time of 

4.06 (SD ± 1.56) months Table 3.

Evaluation of SG2

Given that the data were not normally distributed for SG2, 

the nonparametric Wilcoxon signed rank test was used. 

Similarly, to SG1 evaluations, the results showed signifi-

cance in both areas of testing with a reduction of the overall 

frequency count of ADHD behavior and symptoms occur-

ring 2 to 7 times a week (scores 2 and 3) from the initial 

visit (Md n = 1.0, IQR = 3.0) to the final endpoint (Mdn = 0.0, 

IQR = 2.0), with an average reduction in their frequency 

count of 0.54 (p = .01), and an average treatment time of 

15.29 (SD ± 4.50) months. Likewise, results with SG2 saw 

a statistically significant reduction of the overall average 

behavior and symptom score from the initial visit (Mdn = 0.9, 

IQR = 1.3) to the final endpoint (Mdn = 0.6, IQR = 1.0), with 

an average reduction in their overall average frequency 

score of 0.3 (p < .01) Table 4.

Discussion

In this retrospective review of parent-reporting question-

naires of school-aged children ages 5 to 12, showing behav-

ior and symptoms of undiagnosed ADHD during treatment 

with an MOA for SDB, improvement or resolve of all 

behaviors and symptoms were seen over time. The statisti-

cal testing observed differences that are unlikely to be pro-

duced by chance.

Impulsivity and hyperactivity are seen more often by the 

untrained eye and reported as ADHD rather than sleep 

deprivation. By reducing the amount of impulsively or 

hyperactivity seen in sleep deprivation and disturbances 

with SDB, the sleep-wake cycle can improve in MOA treat-

ment addressing the two pathologies simultaneously. The 

study found “Hyperactivity” resolved or markedly improved 

within 2 to 6 months. Likewise, “Difficulty Listening,” a 

symptom reported at the 7+ month endpoint than any other 

symptom, showed the most improvement among the 

reported behaviors. This symptom is common in children 

with or without hearing loss, and further confirms the need 

to consider behavioral or sleep related breathing disorders 

when evaluating impairment in executive functions of the 

brain.

Additional factors associated with ADHD symptoms and 

sleep related breathing disorders is adenoid hypertrophy 

found in children 4 to 5 years old, and tonsillar hypertrophy 

found in children 6 to 11 years old (Amiri et al., 2015). The 

concomitant comorbidities found between ADHD and OSA 

are found in 30% of this age group and is increasing 

(Davidson et al., 2023; National Institute of Mental Health, 

n.d.). A link to sleep disturbances and ADHD may also be 

found in medications with more than 64% of children on 

Table 1. Participant Characteristics and Sample frequency in a 
Study of School-Age Children with SDB and ADHD behaviors 
and symptoms (n = 40).

Years Frequency Percent
Percent 
of males

Percent of 
females

5 8 20 50.0 50.0

6 5 12.5 80.0 14.0

7 3 7.5 33.0 67.0

8 15 37.5 33.0 67.0

9 4 10 25.0 75.0

10 3 7.5 33.0 67.0

11 1 2.5 - 100.0

12 1 2.5 100.0 -
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medication for ADHD: ages 2–5: 18%, ages 6–11: 69%, 

and ages 12–17: 62% (Bonuck et al., 2011; Center for 

Disease Control and Prevention, n.d.a; National Institute of 

Mental Health, n.d.).

This is the first study to describe the relationship between 

early intervention with an MOA and improvement in dual 

pathologies of SDB and ADHD symptoms. These findings 

suggested the importance of assessing sleep and breathing 

patterns in children before the diagnosis and pharmacother-

apy treatment for ADHD in children between 5 and 8 years 

old. Comparable to the prevalence of OSA among boys 

with the mean age of diagnosis for ADHD at 7 years found 

in the literature (Bonuck et al., 2011; Davidson et al., 2023; 

National Institute of Mental Health, n.d.), the mean age for 

this review was 7.50 years with 10% more girls than boys.

This review also has implications for preventive medi-

cine in sleep and mental health disorders as 95% of adults 

diagnosed with ADHD recall their symptoms starting before 

the age of 12 (Markowitz et al., 2020). If the research 

findings are parallel to the literature review and earlier 

research supporting the link between ADHD and SDB, it 

warrants the message to urge teachers, clinicians, and 

school administrators to consider sleep problems and 

breathing disorders when a child manifests a behavioral and 

attention problem (Center for Disease Control and 

Prevention, n.d.b; Gokdemir et al., 2021; Markowitz et al., 

2020). It could be SDB that is aggravating the symptoms of 

ADHD. This is especially important in the case of misdiag-

nosed ADHD and the risk of prescribing stimulants that 

could cause further sleep problems.

One aspect to consider in the increase of ADHD diagno-

ses and SDB, is the growth and development of the human 

skull over time (Spencer et al., 1998). Children with high 

nasal resistance found in SDB are predisposed to snoring 

that can further result in adult OSA (Ngiam & Cistulli, 

2015). The compensatory action of mouth breathing in OSA 

creates an imbalance in the skeletal formation and muscular 

function of the face resulting in malocclusions, retrognathia, 

Table 2. Baseline Behaviors and Symptoms of the Study Sample With SDB and Self-Reported ADHD Symptoms at the Initial Visit 
(n = 40).

No occurrence 
(%)

Occurs rarely 
(%)

Occurs 2–4 times 
per week (%)

Occurs 5–7 times 
per week (%)

Short attention 46.2 23.1 17.9 12.8

Difficulty listening 23.1 23.1 23.1 30.7

Hyperactive 42.5 25 15 17.5

Math struggle 59.5 18.9 10.8 10.8

Reading struggle 75.7 8.1 10.8 5.4

Table 3. Improvement of ADHD Behaviors and Symptoms With MOA in School-Aged Children Ages 5 to 12 With a Diagnosis With 
SDB at 2 to 6 Months (n = 32).

Improvement
No occurrence 

(%)
Occurs rarely 

(%)
Occurs 2–4 times 

per week (%)
Occurs 5–7 times 

per week (%)

Short attention 54.8 12.9 25.8 6.5

Difficulty listening 34.4 21.9 34.4 9.4

Hyperactive 53.1 25.0 18.8 3.1

Math struggle 51.6 12.9 25.8 9.7

Reading struggle 70.0 13.3 10.0 6.7

Table 4. Improvement of ADHD Behaviors and Symptoms With MOA in School-Aged Children Ages 5 to 12 With a Diagnosis With 
SDB at 7 + Months (n = 28).

Improvement
No occurrence 

(%)
Occurs rarely 

(%)
Occurs 2–4 times 

per week (%)
Occurs 5–7 times 

per week (%)

Short attention 51.7 24.1 17.2 6.9

Difficulty listening 41.4 31.0 17.2 10.3

Hyperactive 75.9 17.2 3.4 3.4

Math struggle 53.6 25.0 21.4 0

Reading struggle 71.4 17.9 10.7 0
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and postural issues (Jones & Bhatia, 1994; Ngiam & Cistulli, 

2015; Spencer et al., 1998; Valera et al., 2003). The increas-

ing number of conversations on nasal function, nasal resis-

tance, SDB, and craniofacial development in early childhood 

have created a market of oral appliances and tooth position-

ers to be used in this age group between the ages of 5 and 12 

(Escobar et al., 2021; Huang & Guilleminault, 2012).

This study presented with limitations. First, the qualitative 

format of gathering information from the parent’s perspective 

is useful for analyzing behaviors; however, there may be an 

underlying emotional tone to their response on the question-

naire. One participant did not provide a frequency score for 

two variables at the 7+ endpoint. Second, limited data and 

information were retrieved from home and assumed in the 

school setting based on teacher reports. The next study should 

include the National Institute for Children’s Health Quality 

(NICHQ) Vanderbilt Assessment Scale to validate behavioral 

changes in the classroom for the 6 to 12-year-old age group 

(Gokdemir et al., 2021). The NICHQ Vanderbilt Assessment 

Scale is used by healthcare professionals to diagnosis ADHD 

in children ages 6 to 12 years by rating the symptoms based 

on age appropriateness. Forth, sleep studies to confirm an 

OSA diagnosis was not noted by the providers. Although the 

history and physical are important for sleep disorder assess-

ments, a polysomnography (PSG) test confirming OSA may 

not be part of the data because they are expensive, time con-

suming, and used inconsistently in children. Fifth, the data 

was retrospective listing five of the six necessary symptoms 

at minimum for an ADHD diagnosis suggesting the necessity 

of a prospective study in the near future. A study control 

group and denial of treatment for one group may be deemed 

as unethical research in pediatric subjects. Also, the data pre-

sented more females than males which may impact the num-

bers of improvement as girls are less likely to exhibit as much 

hyperactivity as boys. Sixth, socioeconomic variables, 

ADHD diagnosis, and ADHD medication profile were not 

reported by the parent during the dental visit. Lastly, details 

lack the breakdown of each device in use as each child and 

the severity of SDB will vary as they move through the MOA 

program.

Conclusions

In this study we reviewed how the MOA mediated the 

improvement of ADHD behaviors and symptoms for 

younger kids as most kids are diagnosed with ADHD at 6 to 

12 years old.

Undiagnosed ADHD behaviors and symptoms among 

school-aged children in MOA treatment for sleep and breath-

ing disorders improved in 4.22 months and were reported as 

resolved or rarely occurred in 15 months among 17 of 28 

kids (61%). The results emphasize the need to assess sleep-

ing patterns in children before a confirmed diagnosis of 

ADHD, healthcare providers and insurers consider MOA as 

a treatment choice, and creating the necessary collaborative 

bridge between mental health providers and dentistry.

To our knowledge, this is the first review to suggest the 

association of the reduction of ADHD symptoms with an 

oral appliance. Future studies are needed to evaluate the 

long-term benefits of therapy with an MOA, the correlation 

of the apnea-hypopnea index (AHI) and ADHD, factors that 

influence therapeutic success such as socioeconomic status, 

and create a screening tool that will initiate a clinical algo-

rithm and interprofessional collaboration with another dis-

cipline in a non-medication treatment for ADHD.

Appendix

Sleep, Breathing & Habit Questionnaire

Patient’s Name: __________________________________ 

Age: _______ Date: ________________

Please indicate if your child experiences any of the symp-

toms below by using this scale to measure the severity of 

these symptoms.

 0—No Occurrence 1—Occurs Rarely 2—Occurs 2 to 4 

times per week 3—Occurs 5 to 7 times per week

 1. ______ Snoring

 2. ______ Interrupted snoring where breathing stops

 3. ______ Labored, difficult or loud breathing at night

 4. ______ Gasping for air while sleeping

 5. ______ Mouth breathes while sleeping

 6. ______ Mouth breathes during the day

 7. ______ Restless sleep

 8. ______ Grinds teeth while sleeping

 9. ______ Talks in sleep

10. ______ Excessive sweating while sleeping

11. ______ Wakes up at night

12. ______ Wets the bed (currently)

13. ______ History of bedwetting

14. ______ Feels sleepy and/or irritable during the day

15. ______ Headaches

16. ______ Frequent throat infections

17. ______ Allergic symptoms

18. ______ Ear infections

19. ______ Short attention span

20. ______ Trouble Focusing

21. ______ Difficulty listening often interrupts

22. ______ Hyperactive

23. ______ ADD/ADHD

24. ______ Sensory Issues

25. ______ Struggles in math at school

26. ______ Struggles in reading at school

27. ______ Speech problems *

28. ______ Avoidance behavior towards food or certain 

types of food

Speech Questionnaire—to be filled out only if #27 was 

indicated above



Paracha et al. 7

Author’s Note

Statement of approval that all authors agree to and accept the man-

uscript for publication.

Author Contributions

Dr. Karen Parker Davidson, RN and Dr. Hamza Paracha had 

access to the data and takes responsibility for the accuracy of the 

analysis and integrity of the data. Contact david2k@cmich.edu. 

Concept and design: All authors. Acquisition, analysis, or inter-

pretation of data: Corby Dixon, Zach Wilde. Drafting of the manu-

script: All authors. Critical revision of the manuscript for important 

intellectual content: Davidson, Paracha. Statistical analysis: 

Dixon, Wilde. Administrative, technical, or material support: All 

authors. Additional Contributions: We thank Toshi Hart, DDS for 

her contributions.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 

with respect to the research, authorship, and/or publication of this 

article: Corby Dixon manages the database of scoring information 

from Vivos Therapeutics. No other disclosures were reported.

Funding

The author(s) received no financial support for the research, 

authorship, and/or publication of this article.

Disclaimer

The contents are solely the responsibility of the authors and do not 

necessarily represent the official views of authors’ institutions. 

The original data creators, depositors, or copyright holders; the 

funding agencies; and Vivos Therapeutics, Ltd. does not bear 

responsibility for the analyses and interpretation presented here. 

No funding was provided for the study.

Clinical Trial

We do not declare this as a clinical trial.

ORCID iD

Karen Parker Davidson  https://orcid.org/0000-0001-5783-1428

References

Ahmadi, N., Mohammadi, M. R., Araghi, S. M., & Zarafshan, 

H. (2014). Neurocognitive profile of children with atten-

tion deficit hyperactivity disorders (ADHD): A compari-

son between subtypes. Iranian Journal of Psychiatry, 9(4), 

197–202.

American Psychiatric Association. (2013). Diagnostic and 

Statistical Manual of Mental Disorders (5th ed.). Author.

Amiri, S., AbdollahiFakhim, S., Lotfi, A., Bayazian, G., 

Sohrabpour, M., & Hemmatjoo, T. (2015). Effect of adenoton-

sillectomy on ADHD symptoms of children with adenotonsil-

lar hypertrophy and sleep disordered breathing. International 

Journal of Pediatric Otorhinolaryngology, 79(8), 1213–1217. 

https://doi.org/10.1016/j.ijporl.2015.05.015

Barkley, R. A. (1990). Attention deficit hyperactivity disorder: A 

handbook for diagnosis and treatment. Guilford.

Ben-Dor Cohen, M., Eldar, E., Maeir, A., & Nahum, M. (2021). 

Emotional dysregulation and health related quality of life in 

young adults with ADHD: A cross sectional study. Health and 

Quality of Life Outcomes, 19(1), 270. https://doi.org/10.1186/

s12955-021-01904-8

Bonuck, K. A., Chervin, R. D., Cole, T. J., Emond, A., Henderson, 

J., Xu, L., & Freeman, K. (2011). Prevalence and persistence 

of sleep disordered breathing symptoms in young children: A 

6-year population-based cohort study. Sleep, 34(7), 875–884. 

https://doi.org/10.5665/SLEEP.1118

Cabral, M. D. I., Liu, S., & Soares, N. (2020). Attention-deficit/

hyperactivity disorder: Diagnostic criteria, epidemiology, 

risk factors and evaluation in youth. Translational Pediatrics, 

9(Suppl 1), S104–S113. https://doi.org/10.21037/tp.2019.09.08

Centers for Disease Control and Prevention. (n.d.a) ADHD in the 

classroom: Helping children succeed in school. Retrieved June 

11, 2022, from https://www.cdc.gov/ncbddd/adhd/school-suc-

cess.html

Centers for Disease Control and Prevention. (n.d.b) Data and sta-

tistics about ADHD. Retrieved March 21, 2022, from https://

www.cdc.gov/ncbddd/adhd/data.html

Connolly, J. J., Glessner, J. T., Elia, J., & Hakonarson, H. (2015). 

ADHD & pharmacotherapy: Past, present and future: A review of 

the changing landscape of drug therapy for attention deficit hyper-

activity disorder. Therapeutic Innovation & Regulatory Science, 

49(5), 632–642. https://doi.org/10.1177/2168479015599811

Davidson, K., Dixon, C., Wilde, Z., & Hart, T. (2023). Effectiveness 

of early intervention with a monobloc oral appliance in reduc-

ing symptoms of breathing disorders at sleep in children with 

dentofacial anomalies ages 5-12: A retrospective, multicenter 

analysis. Journal of Sleep Disorders & Therapy, 12, 446.

Drechsler, R., Brem, S., Brandeis, D., Grünblatt, E., Berger, G., & 

Walitza, S. (2020). ADHD: Current concepts and treatments 

in children and adolescents. Neuropediatrics, 51(5), 315–335. 

https://doi.org/10.1055/s-0040-1701658

Escobar, L., Rodriguez, H., & Castellanos, J. (2021). Attention-

deficit/hyperactivity disorder symptoms can be reduced by 

effectively treating obstructive sleep apnea with oral appli-

ances: A hypothesis. Dental Hypotheses, 12, 99–103.

Faraone, S. V., Banaschewski, T., Coghill, D., Zheng, Y., 

Biederman, J., Bellgrove, M. A., Newcorn, J. H., Gignac, M., 

Al Saud, N. M., Manor, I., Rohde, L. A., Yang, L., Cortese, 

S., Almagor, D., Stein, M. A., Albatti, T. H., Aljoudi, H. F., 

Alqahtani, M. M. J., Asherson, P., . . . Wang, Y. (2021). 

The World Federation of ADHD International Consensus 

Statement: 208 Evidence-based conclusions about the disor-

der. Neuroscience and Biobehavioral Reviews, 128, 789–818. 

https://doi.org/10.1016/j.neubiorev.2021.01.022

Gokdemir, Y., Civelek, E., Cakir, B., Demir, A., Kocabas, C. N., 

Ikizoglu, N. B., Karakoc, F., Karadag, B., & Ersu, R. (2021). 

Prevalence of sleep-disordered breathing and associated risk 

factors in primary school children in urban and rural envi-

ronments. Sleep and Breathing, 25(2), 915–922. https://doi.

org/10.1007/s11325-020-02206-x

Grohol, J. M. (2013, May 20). DSM-5 changes: Attention deficit 

hyperactivity disorder (ADHD). Psych Central. Retrieved 

mailto:david2k@cmich.edu
https://orcid.org/0000-0001-5783-1428
https://doi.org/10.1016/j.ijporl.2015.05.015
https://doi.org/10.1186/s12955-021-01904-8
https://doi.org/10.1186/s12955-021-01904-8
https://doi.org/10.5665/SLEEP.1118
https://doi.org/10.21037/tp.2019.09.08
https://www.cdc.gov/ncbddd/adhd/school-success.html
https://www.cdc.gov/ncbddd/adhd/school-success.html
https://www.cdc.gov/ncbddd/adhd/data.html
https://www.cdc.gov/ncbddd/adhd/data.html
https://doi.org/10.1177/2168479015599811
https://doi.org/10.1055/s-0040-1701658
https://doi.org/10.1016/j.neubiorev.2021.01.022
https://doi.org/10.1007/s11325-020-02206-x
https://doi.org/10.1007/s11325-020-02206-x


8 Journal of Attention Disorders 00(0)

May 15, 2022, from https://psychcentral.com/pro/dsm-

5-changes-attention-deficit-hyperactivity-disorder-adhd

Grünwald, J., & Schlarb, A. A. (2017). Relationship between sub-

types and symptoms of ADHD, insomnia, and nightmares in 

connection with quality of life in children. Neuropsychiatric 

Disease and Treatment, 13, 2341–2350. https://doi.org/10.2147/

NDT.S118076

Huang, Y. S., & Guilleminault, C. (2012). Pediatric obstruc-

tive sleep apnea and the critical role of oral-facial growth: 

Evidences. Frontiers in Neurology, 3, 184. https://doi.

org/10.3389/fneur.2012.00184

Javaheri, S., & Javaheri, S. (2020). Update on persistent excessive 

daytime sleepiness in OSA. Chest, 158(2), 776–786. https://

doi.org/10.1016/j.chest.2020.02.036

Jones, A. G., & Bhatia, S. (1994). A study of nasal respiratory 

resistance and craniofacial dimensions in white and West 

Indian black children. American Journal of Orthodontics 

and Dentofacial Orthopedics, 106(1), 34–39. https://doi.

org/10.1016/S0889-5406(94)70018-4

Kessler, R. C., Adler, L., Barkley, R., Biederman, J., Conners, C. 

K., Demler, O., Faraone, S. V., Greenhill, L. L., Howes, M. J., 

Secnik, K., Spencer, T., Ustun, T. B., Walters, E. E., & Zaslavsky, 

A. M. (2006). The prevalence and correlates of adult ADHD 

in the United States: Results from the National Comorbidity 

Survey Replication. American Journal of Psychiatry, 163(4), 

716–723. https://doi.org/10.1176/ajp.2006.163.4.716

Knight, F. L. C., & Dimitriou, D. (2019). Poor sleep has nega-

tive implications for children with and without ADHD, but in 

different ways. Behavioral Sleep Medicine, 17(4), 423–436. 

https://doi.org/10.1080/15402002.2017.1395335

Laufer, M. W., & Denhoff, E. (1957). Hyperkinetic behavior syn-

drome in children. The Journal of Pediatrics, 50(4), 463–474. 

https://doi.org/10.1016/s0022-3476(57)80257-1

Markowitz, J. T., Oberdhan, D., Ciesluk, A., Rams, A., & 

Wigal, S. B. (2020). Review of clinical outcome assess-

ments in pediatric attention-deficit/hyperactivity disorder. 

Neuropsychiatric Disease and Treatment, 16, 1619–1643. 

https://doi.org/10.2147/NDT.S248685

National Institute of Mental Health. (n.d.) Attention deficit/hyper-

activity disorder (ADHD). Retrieved July 25, 2022, from 

https://www.nimh.nih.gov/health/statistics/attention-deficit-

hyperactivity-disorder-adhd

Ngiam, J., & Cistulli, P. A. (2015). Dental treatment for paediat-

ric obstructive sleep apnea. Paediatric Respiratory Reviews, 

16(3), 174–181. https://doi.org/10.1016/j.prrv.2014.11.002

Owens, J. A. (2005). The ADHD and sleep conundrum: A review. 

Journal of Developmental and Behavioral Pediatrics: JDBP, 

26(4), 312–322. https://doi.org/10.1097/00004703-200508000-

00011

Pan, M. R., Huang, F., Zhao, M. J., Wang, Y. F., Wang, Y. F., & 

Qian, Q. J. (2019). A comparison of efficacy between cog-

nitive behavioral therapy (CBT) and CBT combined with 

medication in adults with attention-deficit/hyperactivity dis-

order (ADHD). Psychiatry Research, 279, 23–33. https://doi.

org/10.1016/j.psychres.2019.06.040

Pievsky, M. A., & McGrath, R. E. (2018). The neurocognitive 

profile of attention-deficit/hyperactivity disorder: A review of 

meta-analyses. Archives of Clinical Neuropsychology, 33(2), 

143–157. https://doi.org/10.1093/arclin/acx055

Sibley, M. H., Arnold, L. E., Swanson, J. M., Hechtman, L. T., 

Kennedy, T. M., Owens, E., Molina, B. S. G., Jensen, P. S., 

Hinshaw, S. P., Roy, A., Chronis-Tuscano, A., Newcorn, J. 

H., & Rohde, L. A. (2022). Variable patterns of remission 

from ADHD in the multimodal treatment study of ADHD. 

American Journal of Psychiatry, 179(2), 142–151. https://

doi.org/10.1176/appi.ajp.2021.21010032

Slobodin, O., & Davidovitch, M. (2022). Primary school chil-

dren's self-reports of attention deficit hyperactivity disorder-

related symptoms and their associations with subjective and 

objective measures of attention deficit hyperactivity disor-

der. Frontiers in Human Neuroscience, 16, 1–12. https://doi.

org/10.3389/fnhum.2022.806047

Spencer, T., Biederman, J., & Wilens, T. (1998). Growth defi-

cits in children with attention deficit hyperactivity disorder. 

Pediatrics, 102(2 Pt 3), 501–506.

Stein, M. A., Weiss, M., & Hlavaty, L. (2012). ADHD treat-

ments, sleep, and sleep problems: Complex associations. 

Neurotherapeutics, 9, 509–517. https://doi.org/10.1007/

s13311-012-0130-0

Tan, H. L., Gozal, D., & Kheirandish-Gozal, L. (2013). Obstructive 

sleep apnea in children: A critical update. Nature and Science 

of Sleep, 5, 109–123.

Tsukada, E., Kitamura, S., Enomoto, M., Moriwaki, A., Kamio, 

Y., Asada, T., Arai, T., & Mishima, K. (2018). Prevalence of 

childhood obstructive sleep apnea syndrome and its role in 

daytime sleepiness. PLoS One, 13,  1–12.

Turgay, A. (2007). A multidimensional approach to medication 

selection in the treatment of children and adolescents with 

ADHD. Psychiatry Interpersonal and Biological Processes, 

4(8), 47–57.

Urbano, G. L., Tablizo, B. J., Moufarrej, Y., Tablizo, M. A., Chen, 

M. L., & Witmans, M. (2021). The link between pediatric 

obstructive sleep apnea (OSA) and attention deficit hyper-

activity disorder (ADHD). Children, 8(9), 824. https://doi.

org/10.3390/children8090824

Valera, F. C., Travitzki, L. V., Mattar, S. E., Matsumoto, M. A., 

Elias, A. M., & Anselmo-Lima, W. T. (2003). Muscular, 

functional and orthodontic changes in pre school children 

with enlarged adenoids and tonsils. International Journal of 

Pediatric Otorhinolaryngology, 67(7), 761–770. https://doi.

org/10.1016/s0165-5876(03)00095-8

Wolraich, M. L., Chan, E., Froehlich, T., Lynch, R. L., Bax, A., 

Redwine, S. T., Ihyembe, D., & Hagan, J. F., Jr. (2019). 

ADHD diagnosis and treatment guidelines: A historical per-

spective. Pediatrics, 144(4), 1–9. https://doi.org/10.1542/

peds.2019-1682

Wu, J., Gu, M., Chen, S., Chen, W., Ni, K., Xu, H., & Li, X. 

(2017). Factors related to pediatric obstructive sleep apnea-

hypopnea syndrome in children with attention deficit hyper-

activity disorder in different age groups. Medicine, 96(42), 

e8281. https://doi.org/10.1097/MD.0000000000008281

Youssef, N. A., Ege, M., Angly, S. S., Strauss, J. L., & Marx, C. 

E. (2011). Is obstructive sleep apnea associated with ADHD? 

Annals of Clinical Psychiatry, 23(3), 213–224.

https://psychcentral.com/pro/dsm-5-changes-attention-deficit-hyperactivity-disorder-adhd
https://psychcentral.com/pro/dsm-5-changes-attention-deficit-hyperactivity-disorder-adhd
https://doi.org/10.2147/NDT.S118076
https://doi.org/10.2147/NDT.S118076
https://doi.org/10.3389/fneur.2012.00184
https://doi.org/10.3389/fneur.2012.00184
https://doi.org/10.1016/j.chest.2020.02.036
https://doi.org/10.1016/j.chest.2020.02.036
https://doi.org/10.1016/S0889-5406(94)70018-4
https://doi.org/10.1016/S0889-5406(94)70018-4
https://doi.org/10.1176/ajp.2006.163.4.716
https://doi.org/10.1080/15402002.2017.1395335
https://doi.org/10.1016/s0022-3476(57)80257-1
https://doi.org/10.2147/NDT.S248685
https://www.nimh.nih.gov/health/statistics/attention-deficit-hyperactivity-disorder-adhd
https://www.nimh.nih.gov/health/statistics/attention-deficit-hyperactivity-disorder-adhd
https://doi.org/10.1016/j.prrv.2014.11.002
https://doi.org/10.1097/00004703-200508000-00011
https://doi.org/10.1097/00004703-200508000-00011
https://doi.org/10.1016/j.psychres.2019.06.040
https://doi.org/10.1016/j.psychres.2019.06.040
https://doi.org/10.1093/arclin/acx055
https://doi.org/10.1176/appi.ajp.2021.21010032
https://doi.org/10.1176/appi.ajp.2021.21010032
https://doi.org/10.3389/fnhum.2022.806047
https://doi.org/10.3389/fnhum.2022.806047
https://doi.org/10.1007/s13311-012-0130-0
https://doi.org/10.1007/s13311-012-0130-0
https://doi.org/10.3390/children8090824
https://doi.org/10.3390/children8090824
https://doi.org/10.1016/s0165-5876(03)00095-8
https://doi.org/10.1016/s0165-5876(03)00095-8
https://doi.org/10.1542/peds.2019-1682
https://doi.org/10.1542/peds.2019-1682
https://doi.org/10.1097/MD.0000000000008281


Paracha et al. 9

Author Biographies

Dr Hamza Paracha Psychiatry Resident, SSM Health Saint Louis 

University Hospital.

Dr. Karen Parker Davidson Subject matter expert (SME) & 

adjunct Professor at Liberty University and Central Michigan 

University; renowned global expert published in the field of nasal 

function, objective nasal measurements, the interpretation of the 

data for treatment options & clinical progress, and the instruments 

used to capture the measurement data.

Corby Dixon Enhancement Leader at Vivos Therapeutics, Inc.

Zach Wilde statistician and data analyst; background in predictive 

modeling and data visualization.


